Because of controversies in the cerebrovascular literature regarding the use of an intraluminai shunt in carotid endarterectomy, we report a randomized prospective study of 118 consecutive symptomatic patients receiving surgery within a single neurosurgical practice. Over 4 years, 138 carotid endarterectomies were performed in the 118 patients, 63 operations with intraluminai shunting and 75 without. Standard rationale for surgery included ipsilateral cerebral infarction in 38% of the operations and ipsilateral transient ischemic attacks in 36%. Unilateral angiographic stenosis of >90% was seen in 58% of the operations; there were no ipsilateral occlusions. Surgery was performed under general anesthesia with barbiturate induction and mild blood pressure elevation. The 30-day complication rate included a mortality rate of 0.7% with a 5.1% incidence of postoperative neurologic deficit and a 1.4% rate of myocardial infarction. In the 24 hours after surgery there were no cerebral infarctions in the shunted group and six in the unshunted group. This 8% rate in the unshunted group compared with 0% in the shunted group was significant at p=0.023 with a power of 0.95 by Fisher's exact test and * 2 analysis. This suggests that in our neurosurgical practice (resident training program) the use of an intraluminai shunt during carotid endarterectomy significantly reduces the risk of intraoperative neurologic deficit without increasing the incidence of other complications.
C arotid endarterectomy (CE), as the third most common operation performed in the United States, has recently come under close scrutiny in terms of both patient selection and surgical technique. A major controversy revolves around the use of an intraluminai shunt, be it selectively or routinely, with or without electroencephalography (EEG), stump pressure measurements, or cerebral blood flow (CBF) monitoring. 1 -2 Arguments against the use of a shunt include its unnecessary use in some 85% of cases, its attendant morbidity (risk of atheromatous or air emboli, intimal dissection, acute occlusion), its effect on lengthening procedure duration, or limiting plaque exposure.
-
3 One might also argue that the use of a shunt, because of the need for increased exposure, increases the risks of nerve damage, postoperative bleeding, or infection. Those supporting the use of a shunt cite its value in maintaining CBF, thus allowing unhurried CE, and in stenting the vessel during closure. 4 -6 They note that once a surgeon becomes accustomed to it, a shunt is not a technical hin-drance. A further concern is that for those surgeons who shunt selectively, relatively infrequent use of a shunt makes its use more hazardous in the hands of one less technically experienced just when a shunt is deemed most necessary.
A small, randomized, prospective study of consecutive patients undergoing CE has been performed to determine whether there is any significant difference within a single neurosurgical practice group in the postoperative complications of those patients undergoing surgery with and without intraluminai shunting.
Subjects and Methods
After preoperative neurosurgical evaluation, including bilateral carotid angiography and informed consent, consecutive patients underwent CE. All patients within our neurosurgical practice group (a residency training program) were randomized to either the shunted or unshunted group. All CEs were performed by either the attending neurosurgeon or by a senior neurosurgical resident under direct supervision. General endotracheal anesthesia after barbiturate induction was used, and the blood pressure was maintained at or slightly above, the patient's preoperative baseline. During carotid clamping and/or shunting, the blood pressure was raised 10-20%. All patients received 5,000 units of (Figure 1 ), 53 (63 CEs) with intraluminal shunting and 65 (75 CEs) without shunting; 19 patients underwent bilateral CE, and one required reoperation 2.5 years later. One other patient operated on before the study had CE for recurrent stenosis during the study. The rationale for surgery is identified in Table 1 ; there were no asymptomatic patients in our series. Systemic disease was present in 92% of the patients (Table 1) .
Carotid angiography was performed before CE in all patients (Table 2) . No patient had angiographic evidence of ipsilateral carotid occlusion. However, one unshunted patient was found at surgery to have an occluded vessel (fresh thombus), which was reopened. Among the shunted CEs, 20 (32%) were performed in patients with contralateral stenosis of >90%, including nine with contralateral occlusion. In the unshunted group, 14 CEs (19%) were performed in patients with known contralateral stenosis of >90%, including six with contralateral occlusion. One patient in the shunted group had had previous neck irradiation, and the long segment of carotid atherosclerotic disease was presumed to be the result of accelerated atherosclerosis secondary to radiation. 7 With this exception, all patients in the study suffered primary atherosclerotic cerebrovascular disease.
In three patients in the shunted group, including two in whom the shunt was quickly removed just after insertion when atheromatous debris were seen in the shunt, a Javid shunt was not used. In the third patient, the distal internal carotid artery (ICA) would not easily accept the shunt. None of these patients had any difficulties postoperatively.
Postoperative complications (Table 3) in the shunted group included one death, two myocardial infarctions, and one patient who suffered a posterior cerebral artery infarction during coronary artery bypass grafting 12 days after uneventful CE.
Six patients in the unshunted group suffered new neurologic deficits postoperatively (Tables 3 and 4) . Two of these six had delayed onset of neurologic deficit, which occurred 3 and 15 hours postopera- 
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Endarterectomy 1487 tively; each had an occluded ICA at postoperative angiography. Both underwent emergent reoperation with intraluminal shunting and patch grafting. Four of the six patients awoke with immediate postoperative deficit; postoperative angiograms were normal in all four. One of the four patients had a small cortical hyperdensity on computed tomography (CT scan) (Figure 2 ). There were no deaths or myocardial infarctions in the unshunted group. In the first 24 hours after CE, we observed an 8% (six of 75) stroke rate in the unshunted group. Compared with no infarctions in the shunted group, this finding was significant at p=0.023 with a power of 0.95 using the x 2 and Fisher's exact tests. With the exception of these cerebral infarcts, no significant difference in morbidity and mortality between the two groups (Table 3 ) and no increased incidence of complications attributable to the use of a shunt were identified.
Discussion
The use of an intraluminal shunt during CE is controversial. Our study is an attempt to answer cogently this question using a randomized design. The groups were comparable in general health, presenting signs and symptoms, and angiographic findings; surgical technique varied only in the use of a shunt. We assumed the null hypothesis of no difference in outcome between CE with a shunt and CE without.
In reviewing the literature it is difficult to determine the true incidence of postoperative neurologic deficit lasting >24 hours (the formal definition of infarction) because of the liberal use of the term "transient" to describe neurologic deficits.
3 -5 -8 -
21
The formal definition of a transient ischemic attack (TIA) is any neurologic deficit that clears within 24 hours. In reviewing surgical series throughout the literature, one finds transient used to describe a deficit lasting from <24 hours to one clearing "prior to discharge," certainly an indeterminate time. 3111219 - 22 Other series use transient to mean as long as 21 days, thus including resolving ischemic neurologic deficits (RINDs).
22
- 23 Where possible, we have attempted to define the rates of stroke as any neurologic deficit lasting for >24 hours. Therefore, we have made assumptions in preparing Table 5 that may slightly overestimate or underestimate neurologic deficits lasting for >24 hours. It was not possible to assess each series for 30 days since this was rarely the reported length of followup. The literature reports major morbidity and mortality ranging from 0% to 21%. The 2% mortality in the multicenter combined retrospective review comprises stroke and myocardial infarction. 22 Our single death (0.7%) was of cardiac etiology.
The etiology of post-CE neurologic deficit is postulated to be the result of arterial thrombosis, embolization, cerebral hyperperfusion, or intraoperative ischemia. Diagnosing the specific cause in each patient is difficult and often speculative. Our shunted patient who died had a posterior cerebral artery territory infarct following coronary artery bypass grafting 12 days after an uneventful CE; the posterior cerebral artery filled from the basilar artery on angiography. Of the six unshunted patients who suffered postoperative neurologic deficit before discharge, four deficits occurred immediately and two occurred 3 and 15 hours after CE; all occurred within the first 24 hours after surgery.
Three of the six unshunted patients who suffered postoperative neurologic deficit had abnormal preoperative CT scans. Graber et al 24 noted that positive CT scans correlated with a higher incidence of complications. However, in our series, of the remaining 123 preoperative CT scans in patients who did not suffer postoperative neurologic deficit, 69 (56%) were abnormal. Onset of the neurologic deficit may be helpful in determining etiology as delayed deficit is more frequently the result of carotid thrombosis, with or without secondary embolization.
2025 - 26 Such neurologic deficit following a "lucid interval" has been associated with a high (44%) mortality. 19 Novick et al 26 report delayed symptomatic thrombosis 1-72 hours after CE in five patients. Rosenthal et al 20 discuss postoperative neurologic deficits in terms of onset within 6 hours. All three patients in that series with late-onset (>6 hours) deficit had thrombosis at the operative site as did seven with early-onset deficit; the remaining 17 patients with early-onset deficit had normal angiograms. Unfortunately, the authors did not distinguish between true "immediate" deficits and those within 1-6 hours. CEs, carotid endarterectomies.
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CEs, carotid endarterectomies. In our series there were 14 known contralateral carotid occlusions (eight in the shunted, six in the unshunted group). Our two unshunted patients with delayed neurologic deficits 3 and 15 hours after CE both had contralateral ICA occlusions, and postoperative angiography showed ipsilateral ICA occlusion as well. No other patient with contralateral ICA occlusion suffered postoperative morbidity. Sachs et al 29 compared 54 CEs in patients having contralateral ICA occlusion with 503 CEs in patients having patent contralateral ICAs and determined no significant difference in morbidity and mortality between these two groups using Fisher's exact test, although the group with contralateral occlusion had a 9.3% neurologic deficit rate and no mortality while the other group had a 4.0% neurologic deficit rate and 0.8% mortality. Baker et al 30 found no increased risk with contralateral occlusion in unshunted patients, and these authors describe one patient with contralateral occlusion suffering a delayed (4 hours) postoperative neurologic deficit as a result of ipsilateral carotid thrombotic occlusion. Patterson The etiology of cerebral infarction in our four unshunted patients with immediate postoperative neurologic deficit is unclear (Table 4) . Each patient had a patent carotid artery without evidence of thrombosis or cerebral emboli; three patients showed no change on postoperative CT scan. No patient had hemodynamically significant contralateral ICA stenosis. The single patient with a small superficial cortical hemorrhage on postoperative CT scan had presented with TIAs and no neurologic deficit. While clamp time was long, back-bleeding at surgery was excellent. It is unlikely that the etiology of this patient's deficit is cerebral hyperperfusion. 31 One cannot differentiate ischemic from embolic damage although the site of hemorrhage (Figure 2 ) suggests embolic causation. Of the remaining three unshunted patients with immediate postoperative neurologic deficit, angiograms and CT scans were not helpful; back-bleeding at surgery was good, and blood pressure stability/control was never a problem. We cannot differentiate between embolic, ischemic, or other etiology.
In the unshunted group median clamp time was 55 minutes, with the majority of clamp times <1 hour, which is relatively long but reflects the experience of others. 323 3 Littooy et al 32 noted that 24 of their patients had clamp times of >1 hour, four of whom suffered postoperative neurologic deficit. In our series, of 28 patients with clamp times of >1 hour, two patients had immediate neurologic deficit and one suffered delayed ICA thrombosis.
CEs were performed by attending staff or closely supervised neurosurgical residents. Objection may be raised regarding the fact that this study was performed at a training institution, but other studies have indicated that the results when residents are involved compare favorably with community hospital and attending staff experience. 34 - 35 We did not monitor EEG, stump pressure, CBF, oculoplethysmogram, or oxygen utilization intraoperatively (Table 6 ). It is unclear from the literature that any correlation can be made between the results of these monitoring techniques and the necessity of shunting. 43 with an ongoing experience using EEG and CBF measurements, advocate routinely shunting all patients with CBF of <20 ml/100 g/min. They note that two thirds of these patients will have EEG changes. It is assumed that EEG changes during carotid clamping are the result of neuronal dysfunction secondary to ischemia. 21 While it is difficult to determine the etiology of neurologic deficit in all our patients, our randomized series suggests that the use of a shunt results in fewer postoperative neurologic deficits and no increased morbidity.
